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[TITLE OF THE INVENTION] 

A Semiconductor Device and a Method for 
Manufacturing Thereof 
[Field of the Invention] 

The present invention relates to a 
5 semiconductor device, a part of which is irradiated by 
radiating rays , more specifically, a technology for 
radiating a part of the semiconductor. 
[Background art] 

;^ An insulated' gate bipolar transistor 

=»= = 

jj: 10 (hereinafter referred to as IGBT) 80 shown in Fig, 9 is 
!*f known as a semiconductor device having a planar type high 

y voltage-proof vertical element. The IGBT 80 is a 

is? i 

semiconductor device which has both a high input 
H= impedance characteristic observed in a metal oxide field 

III 15 effect transistor (hereinafter referred to as MOSFET) and 
rrj a low saturation voltage characteristic known as a 

characteristic of a bipolar transistor. 

£^ substrate 82 used /or the IGBT 80 includes a 
vs^^ drain layer 3 with P T type/^an n T type layer 5 and an n 

20 type layer 7. Base pe^ions 21 are formed in the n" type 
layer 7, and sour/efe regions 23 with n + type are formed 
within the baa^e regions 21. Surface of the n" type 
semiconductor layer 82 is covered with a gate oxidation 
layer 

25 Incidentally, a loss cay^ed by switching arises 
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as a result of a parasitic dicfde generated on a plane of 
a PN (positive-negative) junction 59. Japanese Patent 
laid-open publication No./Hei 7-135214 discloses a 
technology for selectively radiating electron -beams using 
a mask 41 shown in Fj^g. 9 during the manufacturing 
processes in order to avoid the generation of the 
parasitic diode, /The beams pass through through-holes 43 
formed in the mask 41 and irradiated on the IGBT 80, In 
this way, the Jtife-time of carriers located on the plane 
of the PN junption 59 where the parasitic diode being 
generated cgni be shorten as a result of forming crystal 
defects 61, 

the manufacturing processes described above, 
triSation of the threshold voltage in the IGBT 
90 is pointed out ofccause of generation of bremsstrahlung 
caused by the material cxf the mask 41 made generally of a 
heavy metal such as lead ami the like. 

ipanese Patent laid-open publication No. Hei 
8-227895 discloses another IGBT 90 having layers for 
restricting elecr^ron -beams . As shown in Fig. 10, a layer 
69 for restrictingxthe beams made of silicon nitride is 
formed under a source Nelectrode where requiring 
restriction of the electron -beams . Generation of the 
bremsstrahlung is res trie teo\even when the beams are 
radiated to the IGBT 90 under fctie condition due to 
masking of the restriction layer ^s9 



unexpected \ 
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never, the number of process is increased 



^7 



because the processes for forming the restriction layers 
69 made of siliconNnitride is required in the 
conventional method. 

[Disclosure of the present invention] 

is an object of the present invention to 
overcome the abusive mentioned drawbacks associated with 
prior arts, and to lajrovide a semiconductor device and a 
method for manufacturing. thereof capable of radiating 
10 electron-beams to the desirfe4 region with simple 

processes, while not providing adverse effects caused by 
bremsstrahlung even when the electron-beams are radiated. 
In accorda*f£e with characteristics of the 

an i 

present invention, there is provided a semiconductor 



15 device compulses : 

a substrate having a region to be irradiated 
with radiating rays, and 

^Aspg metal wring layer looatcd o n Ll iu l . uTji > bratc 
one of directly and indirectly, 

ighoro - in the * meta^r wraag J»ayer is — ma ^ 1 uf - a r 
light metal, 

and wherein the^-m^tal wring layer located on 
the region to be ir^diated is formed thinner than that 
formed on regierns except for the region to be irradiated, 
25 yv Also, in accordance with characteristics of the 

present invention, the£e is provided a semiconductor 
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(J* a substrate having a region to be irradiated 

with radiating rays^^and 
^^j^-g^^y ^^ a - metal wriiifl .layor . looa ' tod on the- oubGt rate , 

5 sffs wherein the m^al wring layer is made of a 

light metal. 



^_ A and the meta^wring layer is used as a mask for 

^ restricting penetration of >the\radiating rays into region 

except for the region to be ir^diated. 
10 Further, in accordance with characteristics of 

the present invention, there is provided a method for 
manufacturing a semiconductor device having a substrate, 
and a metal wiring layer located on the substrate, a 
region of the substrate being irradiated with radiating 
15 rays, the method comprises the steps of: 

entirely forming the metal wiring layer, 
removing the metal wiring layer located on the 
region to be irradiated, and 

radiating the radiating rays using the metal 
20 wiring layer being remained as a mask. 

While the novel features of the invention are 
set forth in a general fashion, both as to organization 
and content, the invention will be better understood and 
appreciated, along with other objects and features 
2 5 thereof, from the following detailed description taken in 
conjunction with the drawings. 
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[Brief description of the drawings] 

Fig. 1 is a sectional view showing part of an 
IGBT 1 as an embodiment of a semiconductor device in 
accordance with the present invention, 
5 Fig. 2 is a perspective view of the IGBT 1. 

Fig. 3 is a graph showing a relationship 
between a range of electrons in the source electrode 22 
and energy amount of the electron-beams. 

Fig. 4A through Fig. 4C are sectional views 
O io showing the manufacturing process of the IGBT 1. 
Cfc-HJ a**-^ vs^Fig. 5A and Fig. SET are another sectional views 

fD showing the manufacturing process of the IGBT 1. 

p yzP+tZ^J y^A^" Fi9 * 6A an(1 9^ are far anot3:ier sectional 

views showing the manufacturing process of the IGBT 1. 

H / / 

15- v. Fig. 7A and Fig. 7B/are still another sectional 

hi Ofr ^ 7 

views showing the manufacturing process of the IGBT 1. 
]5 Fig. 8 is yet ariother sectional view showing 

the manufacturing process of the IGBT 1. 

Fig. 9 is a sectional view of the IGBT 80 in 
20 the conventional technology. 

Fig. 10 is a sectional view of another IGBT 90 
in the conventional technology. 

[The best mode of preferred embodiment to carry out the 
present invention ] 

25 An embodiment of the present invention will be 

described herein with reference to the drawings. Fig. 1 
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is a sectional view showing part of an IGBT 1 as one 
embodiment of a semiconductor device in accordance with 
the present invention . 
n ,/V^be IGBT 1 is formed in a substrate 2 for a 

^yi 1 tin x 

5 semiconductor >device. In the substrate 2, an n type 

layer 5 and an iX type layer 7 are consecutively formed 
on a drain layer 3N^ith P + type. A base region 21 with 
P + type is formed in ti^e n" type layer 7 . Source regions 
23 are formed in the bas^e region 21. The surface of the 
Q 10 n" type layer 7 is coveredNtfith a gate oxidation layer 

iy 15. A gate electrode 17 is formed on the gate oxidation 

O \ 

03 layer 15. The gate electrode l\ is covered with an 

O inter-insulating layer 19, and a source electrode 22 made 

= fi \ 

of aluminum is formed on the inter-x^sulating layer 19. 
yL 15 The source electrode 22 formed as a wiring layer made of 
!» a metal is also used for electrically connecting with the 

% source regions 23 in the IGBT element. A passivation 

layer 29 covers entire surface of the source electrode 
22. The first conductive type and the second conductive 
20 type are respectively defined as n type and p type in 
this embodiment . 

A silicon oxidation layer 27 is formed on a 



region 24 located between the source regions 23 formed 



within the base regiorvs 21. Further, the source 
25 electrode 22 is not existed at upper part of the silicon 
oxidation layer 27, and an\opening 25 is located on the 
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\ silicon oxidation laVer 27. On the other hand, a crystal 
Qy defect region 11 is fotmed at a position in the n type 

layer 7 and below the silicon oxidation layers 27. 

Cp^q^J 2 iS a P ers P ective view of the IGBT 1 

5 before forming\he passivation layer 29. As described, 
the silicon oxidarion layer 27 is formed above of the 
crystal defect region\ll, and the opening 25 is located 
on the silicon oxidationNlayers 27. In this way, the 
source electrode 22 made of Naluminum can be used both for 
10 a wiring, and a mask for the o^ams . 
ty ^ Ifr ext , a method for manufacturing the IGBT 1 



will be described. The manufacturing processes similar 
to an ordinary r^BT are carried out until forming the 
source electrodes 23. In other words, the substrate 2 is 

15 formed by consecutively forming the n + type layer 5 on 
the drain layer 3 and the n" type layer 7 thereon as 
shown in Fig. 4A. Thereafter, the gate oxidation layer 
15 and the gate electrode 17\are formed successively as 
shown in Fig. 4B. Ion implantation of P-type impurities 

20 is carried out by using the gate^electrode 17 as a mask. 
Further, N-type impurities are implanted ionically by 
using both a resist layers 81 formed on the gate 
oxidation layer 15 and the gate oxidation layers 17 as a 
mask as shown in Fig. 4C. The base region 21 with P + 

25 type and a pair of the source regions 23 located in the 
base region 21 are formed simultaneously by carrying out 
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thermal treatment as shown in Fig. 5A. 

^J^^/* ^^ Ne a silicon oxidation (S1O2) layer 18 is 

accumulated entirely on the substrate with the chemical 
vapor deposition (X^VD) method as shown in Fig, 5B. A 
5 resist layer 82 is formed above of both the crystal 

defect region 11 and tnte gate electrode 17 as shown in 
Fig. 6A. Both the inter- xnsulation layer 19 and the 
silicon oxidation layer 2 7 a^e formed with an etch-back 
technique by using the resist layers 82. In this way, 
Q 10 the silicon oxidation layer 2 7 is\formed above of the 
fy crystal defect region 11 as shown irkFig. 6B. 

W Next , aluminum is accumulated entirely on the 

O substrate in thickness of 5 jim with CVD method as shown 

: =3 

in Fig. 7A. 

-S=3 

\^ 15 As shown in Fig. 7B, the source region 22 is 

\f. formed by carrying out etching using a resist layer 84 

^ being formed. As a result of the etching, the opening 2 5 

is formed on the silicon oxidation layer 27. 

The crystal defect region 11 is irradiated by 
20 the . electron ^beams radiated- -from the above af-ter removing 
the resist layer 84 as shown in FLLg. 8. The radiation of 
the beams is carried out at 1 megak electro-volts in 
energy strength in this embodiment.) 




By carrying out the radiation, the crystal 
25 defect region ll\uncovered with the source electrode 22 



defect reg: 

is irradiated by the beams, so that desired crystal 



# 



Q 10 
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defects are generated within the region 11. On the other 
hand, less amount\of the beams are irradiated to regions 
existing outside of\the region 11. Although, a certain 
amounts of crystal defects are generated in the regions 
existing the outside of\the region 11, these defects can 
be removed by annealing carried out later. In this way, 
the IGBT 1 shown in Fig. 1 iSg manufactured, 

wet, thickness of tlie source electrode 22 is 
described hereunder with reference to a relationship 
between a range\of electrons in the source electrode 22 
and energy amount of the beams. As shown in Fig. 3, the 
range of electrons \_n aluminum is increased when a higher 
energy is radiated. N^Jsually, energy strength of the 
beams forming the crystal defect region is in a range 
from 600 electro-volts ml mega electro-volts. The 
source electrode 22 in thickness of 0.6 cm to 1 cm is 
required in order to restrict: the generation of the 
crystal defect region with the\, source electrode 22 alone. 
However, the source electrode 2 zy relatively thicker than 
an ordinary aluminum wiring having, a range from 1 jim to 
10 pm is able to restrict the beams Nbecause the beams are 
restricted by the gate electrode 17, r^ie passivation 
layer 19 and other layers formed thereuiider. 

^^Furthe^, the generation of the bremsstrahlung 
caused by the source electrode 22 made of a heavy metal 
can be avoided even when the beams are directly radiated 
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0 <JP % to the source electrode 22 exposed to the air. Because 
v the source \electrode 22 is made of a light metal in this 

embodiment. \In this way, only a desired region can be 
irradiated witl\ the beams by using the source electrode 
5 made of aluminum Vapable of using both as a wiring and a 
mask for the beams ias a result of making an opening at a 
region to be irradiated without forming a layer for 
restricting beams in ao^ition to the layers described 
above . 

□ 10 Although, the beams are radiated after removing 

|y the resist layer 84, the radiation can.be carried out 

O 

y3 without removing the resist layer 84. 

Q Although, the present invention is applied to 

the IGBT in the embodiments described above, the present 
15 invention is also applicable to other types of 
|S semiconductors such as a power MOSFET transistor and the 

]S like used as a vertical type MOSFET. Further, the 

present invention can also be used in any semiconductor 
devices such as ordinary bipolar transistor or others as 
20 long as the semiconductor requires the radiation of the 
beams to a part of the substrate thereof. 



A Alishough , the source electrode 2 2 is made of 
aluminum, other NLight metals not causing bremsstrahlung 



such as an aluminum\silicon and the like can be used for 
25 the source electrode 2Xr Any other metals not causing 

bremsstrahlung such as copper can be used for the source 
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tf* electrooe 22. Because of its higher density than that of 



aluminum, ^the use of copper allows the radiation of the 
beams to the\desired region even when its profile is in a 
thin form. Fursther, tungsten can also be used for the 
source electrode \22 . 

Although, the IGBT is employed as a 
semiconductor having the region to be irradiated in the 
embodiment described above, the present invention can be 
applied to a semiconductor device having the IGBT. 

^/^ur^her, the silicon oxidation layer 27 is 



provided in order to form the opening 25 located above of 
0 the crystal def ectNregion 11 in the embodiment. However, 

ess, 

3 the opening can be formed directly on the source 

electrode 22 by carrying \ut etching thereto without 
^ 15 providing the silicon oxidation layer. 

2 _ TKe semiconductor device in accordance with the 

present invenls^on is characterized in that, the metal 
wring layer is made of a light metal. Therefore, no 
generation of the i^remsstrahlung is observed even when 

20 the radiation are raa^ated. Also, the metal wring layer 
located on the region tovbe irradiated is formed thinner 
than that formed on regions, except for the region to be 
irradiated so as to reach the\radiating rays to the 
region to be irradiated. In th\s way, the crystal defect 

25 region can only be formed in the cbesired region. As a 

result, it is possible to provide a Semiconductor device 
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^ ^ ^ 1 capable of radiating the radiating rays to the desired 
Cf region with simfe^le processes, while not providing adverse 

effects caused by Abremsstrahlung even when the radiating 
rays are radiated, \\lso, the semiconductor device in 
5 accordance with the present invention is characterized in 
that , the metal wring l\yer located on the regions except 
for the region to be irradiated is formed in a thickness 
so as not to provide any adverse effect on the regions 
except for the region to be irradiated. Therefore, it is 

Q 10 possible to avoid adverse effec\ on the regions except 

Fy for the region to be irradiated. 

IB ^QjtJ£^~{ .further, the semiconductor device in accordance 

O with the present invention is characterized in that, the 

metal wring lay^r is made of a light metal, and the metal 
Li 15 wring layer is use^d as a mask for restricting penetration 
15 of the radiating raysvinto region except for the region 

IS to be irradiated. Therefore, it is possible to provide a 

semiconductor device capaoie of radiating the radiating 

rays only to the desired region with simple processes, 
20 while not providing the adverse\ef f ects caused by 

bremsstrahlung even when the radiating rays are radiated. 

The semiconductor device in accordance with the 

present invention is characterized in that, the 

semiconductor device is an insulated gate bipolar 
25 transistor (IGBT), and the region to be irradiated is a 

positive-negative junction region where a parasitic diode 
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is generated. Therefore, it is possible to provide an 
IGBT capable of overcoming a loss arising at the 
switching caused by generation of a parasitic diode. 



with the present invention is characterized in that, the 
semiconductor device is a MOSFET, and the region to be 
irradiated is a positive-negative junction region where a 
parasitic diode is generated. Therefore, it is possible 
to provide a MOSFET capable of overcoming a loss arising 
at the switching caused by generation of a parasitic 
diode with a simple structure. 



semiconductor \device in accordance with the present 
invention is characterized in that, the method comprises 
the steps of entirely forming the metal wiring layer, 
removing the metalxwiring layer located on the region to 
be irradiated, and radiating the radiating rays using the 
metal wiring layer berhg remained as a mask. Therefore, 
it is possible to provide a semiconductor device capable 
of radiating the radiatiira rays only to the desired 
region with simple processes without causing any adverse 
effects caused by the brems&trahlung even when the 
radiating rays are radiated. \ 

y\Tha semiconductor device in accordance with the 

£* D \ 

present invention is characterized in that, the metal 
wiring layer is made of a metal which prevents the 



Also, the semiconductor device in accordance 




Further, the method for manufacturing a 
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tj^* generation of the bremsstrahlung even when the radiating 
rays are radiated, and the metal wring layer located on 
the region to be irradiated is formed thinner than that 
formed on regions excsept for the region to be irradiated 
5 so as to reach the radYating rays to the region to be 

irradiated. In this wayy the crystal defect region can 
only be formed in the desired region. As a result, it is 
possible to provide a semiconductor device capable of 
radiating the radiating rays\only to the desired region 
Q 10 with simple processes, while ik>t providing adverse 
flJ effects caused by the bremsstrahlung even when the 

IB radiating rays are radiated, 

O While the invention has been described in its 

preferred embodiments, it is to be understood that the 
Ibl 15 words which have been used are words of description 
i5 rather than limitation and that changes within the 

]5 purview of the appended claims can be made without 

departing from the true scope and spirit of the invention 
in its broader aspects. 

20 
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